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CONTINUOUSLY VARIABLE
TRANSMISSION

TECHNICAL FIELD

The present invention relates to a continuously variable
transmission including a continuously variable transmission
device, such as a belt-driven continuously variable trans-
mission device, 1n combination with a speed reducer and a
speed 1ncreaser.

BACKGROUND ART

Continuously variable transmissions are conventionally
used, for example, 1n vehicles to vary the speed. Among
such continuously variable transmissions 1s known a con-
tinuously variable transmission that includes a continuously
variable transmission device, such as a belt-driven continu-
ously variable transmission device, in combination with a
speed reducer and a speed increaser. Continuously variable
transmissions of this type are configured as follows. The
belt-driven continuously varnable transmission device
includes a pair of pulleys and an endless belt looped around
the pulleys, and the speed reducer or the speed increaser
includes a gear train in which a plurality of gears mesh with
one another. Continuously variable transmissions of this
type use a plurality of clutches as power transmission
switching mechanisms for switching between establishing
and 1terrupting power transmission in the power transmis-
sion paths. For such continuously variable transmissions, a
configuration for increasing the gear ratio range of the
continuously variable transmission as a whole 1s known as
disclosed 1n Patent Document 1, for example. The configu-
ration 1s such that the direction of power (torque) transmis-
sion of the belt-dniven continuously varnable transmission
device can be switched between a first direction, from one
pulley to the other pulley, and a second direction, from the
other pulley to the one pulley.

RELATED ART DOCUMENTS

Patent Documents

[Patent document 1] WO 2013/175568

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

In cases such as disclosed in Patent Document 1, con-
tinuously variable transmissions that include a continuously
variable transmission device capable of transmitting a driv-
ing force in the two, forward and reverse directions are
provided with a meshing-type engagement mechanism (dog,
clutch). The meshing-type engagement mechanism 1s
mounted between the continuously variable transmission
device and the final output mechanism to serve as a power
transmission switching mechanism. Dog clutches are
mechanisms including an axially movable component, such
as a sleeve, between one gear mounted to one rotation
clement and the other gear mounted to the other rotation
clement. The component, such as a sleeve, moves in the
axial direction to switch between engagement and disen-
gagement between the one rotation element and the other
rotation element. In contrast, another configuration example
for the power transmission switching mechanism described
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above 1s the friction clutch, 1n which engagement 1s accom-
plished by contact between friction members.

Compared with the iriction clutch, the dog clutch 1s
advantageous 1n that the total length can be shorter provided
that the torques to be transferred are approximately the
same. However, compared with the friction clutch, the dog
clutch cannot efliciently absorb the rotational speed difler-
ence between the rotation elements. Thus, i1n particular,
when one of the rotation elements 1s stopped and the other
rotation element 1s rotating at a high rotational speed, it 1s
difficult to engage the rotation elements with each other. In
view ol this, one possible approach may be to replace the
dog clutch for transmitting power to the final output mecha-
nism with a friction clutch. However, friction clutches are
longer 1in overall length than dog clutches, and thus, 11 the
dog clutch of the continuously variable transmission of
Patent Document 1 1s simply replaced with a friction clutch,
the transmission will be 1increased 1n overall length, and as
a result, the size and weight of the transmission may be
increased. Furthermore, to avoid the increase 1n the overall
length of the transmission, one possible approach may be to
increase the number of shafts. However, increasing the
number of shafts results 1n an increase in the weight of the
transmission. In addition, there 1s another problem 1n that the
additional shaits may dip into the o1l that has accumulated
at the bottom within the transmission case, and as a result,
the friction associated with the operation of the continuously
variable transmission may increase.

The present immvention has been made 1n view of the
foregoing problems. Accordingly, an object of the present
invention 1s to provide a continuously variable transmission
that uses iriction clutches as power transmission switching
mechanisms but without increasing the number of shaits and
the overall length. The power transmission switching
mechanisms are configured to switch between establishing
and nterrupting power transmission in the power transmis-
sion paths within the continuously variable transmission.

Means of Solving the Problems

In order to solve the above-described problems, according,
to one aspect of the present invention, a continuously
variable transmission (1) includes an mput shatt (13), a first
output shaft (14), a second output shaft (15), a continuously
variable transmission device (20), a first transmission path
(51), a second transmission path (52), a final output mecha-
nism (30), a first friction clutch (61), a second friction clutch
(62), a third friction clutch (63), and a fourth friction clutch
(64). The input shatt (13) 1s configured to receive a driving
force mput from a drive source (E). The first output shaft
(14) and the second output shait (15) are parallel to the input
shaft (13). The continuously variable transmission device
(20) includes a first pulley (21), mounted to the first output
shaft (14), a second pulley (22), mounted to the second
output shaft (15), and an endless belt (23), looped around the
first pulley (21) and the second pulley (22). The first
transmission path (51) 1s configured to reduce an 1nput from
the mput shait (13) and transmit the driving force to the
continuously variable transmission device (20). The second
transmission path (52) 1s configured to increase an input
from the input shait (13) and transmait the driving force to the
continuously variable transmission device (20). The final
output mechanism (30) 1s configured to output the driving
force from the first output shait (14) or the second output
shaft (15). The first friction clutch (61) 1s coaxial with the
input shaft (13) and configured to switch between establish-
ing and interrupting power transmission from the input shatt
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(13) to the first transmission path (51). The second friction
clutch (62) 1s coaxial with the input shaft (13) and config-
ured to switch between establishing and interrupting power
transmission from the input shaft (13) to the second trans-
mission path (52). The third friction clutch (63) i1s coaxial
with the second output shaft (15) and configured to switch
between establishing and interrupting power transmission
from the second pulley (22) to the final output mechanism
(30). The fourth friction clutch (64) 1s coaxial with the first
output shaft (14) and configured to switch between estab-
lishing and interrupting power transmission from the first
pulley (21) to the final output mechanism (30).

As described above, 1n the 3-shaft configuration of the
input shatt (13), the first output shatt (14), and the second
output shaft (15), four clutches are used. The first friction
clutch (61) and the second friction clutch (62) are mounted
coaxially with the mput shaft (13). The third friction clutch
(63) 1s mounted coaxially with the second output shaft (15).
The fourth friction clutch (64) 1s mounted coaxially with the
first output shaft (14). Thus, all the engagement elements are
constituted by friction clutches, which have the function of
absorbing rotational speed differences. As a result, even
when there 1s a rotational speed diflerence, gear engagement
1s accomplished. Furthermore, the four friction clutches are
distributed to the shafts, and this results in eflicient use of the
internal space of the 3-shait configuration continuously
variable transmission (1). Thus, although friction clutches
are employed, the number of shatts 1s unchanged from the
number 1n conventional configurations, and also, the
increase in the overall length 1 the axial direction 1is
prevented.

In the first aspect of the present invention, the continu-
ously variable transmission (1) may be configured as fol-
lows. The first transmission path (31) may include a first
transmission drive gear (51A), mounted to the input shaft
(13) via the first friction clutch (61), and a first transmission
driven gear (51B), mounted to the first output shaft (14). The
second transmission path (52) may include a second trans-
mission drive gear (52A), mounted to the input shatt (13) via
the second {friction clutch (62), and a second transmission
driven gear (52B), mounted to the second output shaft (15).
The continuously variable transmission (1) may include one
side and an other side. The first transmission driven gear
(51B) and the fourth friction clutch (64) may be mounted to
the first output shait (14) with the first transmission driven
gear (51B) being on the one side and the fourth friction
clutch (64) being on the other side, with the first pulley (21)
being located 1n between. The third friction clutch (63) and
the second transmission driven gear (52B) may be mounted
to the second output shaft (15) with the third friction clutch
(63) being on the one side and the second transmission
driven gear (52B) being on the other side, with the second
pulley (22) being located 1n between. Thus, the third friction
clutch (63) and the fourth friction clutch (64) are respec-
tively located on the one side and the other side 1n the axial
direction with the continuously variable transmission device
(20) located in between, and the first transmission driven
gear (51B) and the second transmission driven gear (52B)
are respectively located on the one side and the other side 1n
the axial direction with the continuously variable transmis-
sion device (20) located in between. In this manner, the same
types ol components are distributed to the one side and the
other side, with the continuously variable transmission
device 20 located 1n between, 1n such a manner that one type
of components and the other type of components are alter-
nating. With this configuration, the space 1n the axial direc-
tion 1s utilized even more eflectively, and as a result,
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although 1Iriction clutches are employed, the number of
shafts 1s unchanged from the number 1n conventional con-
figurations, and also, the increase 1n the overall length 1n the
axial direction 1s prevented.

In the first aspect of the present invention, the continu-
ously variable transmission (1) may further include a third
transmission path (53) and a forward-reverse switching
mechanism (70). The third transmission path (33) may be
configured to reverse a rotational direction of the driving
force from the input shait (13) and transmait the driving force
to the first output shait (14). The forward-reverse switching
mechanism (70) may be mounted to the input shaft (13) and
configured to selectively switch between transmitting the
driving force from the mnput shaft (13) to the second trans-
mission path (52) and to the third transmission path (33). As
described above, the forward-reverse switching mechanism
(70) 1s configured to switch between the second transmission
path (52) and the third transmission path (53). The second
transmission path (52) 1s configured to increase the rotation
of the mput shaft (13) and the third transmission path (53)
1s configured to reverse the rotation of the mput shaft (13).
With this configuration, the inertia to be absorbed by the
forward-reverse switching mechanism (70) at the time of
forward-reverse switching 1s reduced, compared with con-
ventional cases, in which forward-reverse switching mecha-
nisms are configured to switch between a path for reducing
the rotation of the mput shaft and a path for reversing the
rotation of the mput shaft. As a result, even when there 1s a
rotational speed difference, the forward-reverse switching
operation 1s readily accomplished. Consequently, the for-
ward and reverse control 1s improved.

In the first aspect of the present invention, the continu-
ously variable transmission (1) may be configured as fol-
lows. The mput shaft (13) may include a main input shaft
(13A), a first auxiliary input shait (13B), and a second
auxiliary input shait (13C). The main mput shaft (13A) may
be configured to receive the driving force mput from the
drive source (E). The first auxiliary input shaft (13B) may be
coupled to the first transmission drive gear (51A) via the first
triction clutch (61). The first auxiliary mput shaft (13B) may
be hollow. The first auxiliary imnput shatt (13B) and the main
input shait (13A) may share a common center of rotation.
The second auxiliary mput shaft (13C) may be coupled to
the second transmission drive gear (52A) via the second
friction clutch (62). The second auxiliary mput shait (13C)
and the main input shait (13A) may share the common
center of rotation. The second auxiliary mput shait (13C)
may extend through the first auxiliary input shaft (13B).
Thus, the downstream side of the mput shait (13) 1s consti-
tuted by the dual structure of the first auxiliary mput shaft
(13B) and the second auxiliary input shatt (13C), and this
results 1n the eflicient arrangement of the first friction clutch
(61) and the second friction clutch (62).

In the first aspect of the present invention, the continu-

ously variable transmission (1) may be configured as fol-
lows. The first friction clutch (61) and the second iriction

clutch (62) may be coaxial with the mput shaft (13) and
closer to the dnive source (E) than 1s the continuously
variable transmission device (20). In this manner, the plu-
rality of friction clutches (61, 62), which are coaxial with
one another, are more ethiciently arranged, and as a result,
suilicient space 1s provided around the continuously variable
transmission device (20).

In the first aspect of the present invention, the continu-
ously variable transmission (1) may further include an
intermediate transmission path (54), which 1s configured to
transmit the driving force from the second output shatt (15)
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to the first output shaft (14). When this configuration 1s
employed, the output from the output shait (15) 1s transmiut-
ted to the first output shait (14) via the itermediate trans-
mission path (34) before being transmitted to the final output
mechanism (30). Thus, the outputs are eventually concen-
trated to the first output shait (14). Accordingly, 1t 1s sufli-
cient to provide the final drive gear (31) for the first output
shaft (14) alone to accomplish the final output. As a result,
a more eflicient arrangement 1s achieved.

In the first aspect of the present invention, the continu-
ously variable transmission (2), which 1s configured as
described above, may further include a flywheel (80)
between the drive source (E) and the input shaft (13). The
flywheel (80) may be provided with a damper (81). Because
of this configuration, further size reduction and weight
reduction are achieved than in the case 1n which a torque
converter (12) 1s provided between the drive source (E) and
the mput shaft (13). It should be noted that the above
reference characters in parentheses correspond to the refer-
ence characters used for the constituent elements in the
embodiments, which are examples of the present invention.
The embodiments will be described below.

Eftects of the Invention

The present mvention provides a continuously variable
transmission that uses friction clutches for engagement with
the output side while avoiding increases in the number of

shafts and the overall length.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a skeleton diagram of a continuously variable
transmission according to a first embodiment.

FIG. 2 1s a schematic side view of the continuously
variable transmission according to the first embodiment
illustrating the shait arrangement.

FIG. 3 1s a skeleton diagram of the continuously variable
transmission 1illustrating a power transmission path 1 a
LOW mode.

FIG. 4 1s a schematic side view of the continuously
variable transmission 1illustrating the power transmission
path i the LOW mode.

FIG. 5 15 a skeleton diagram of the continuously variable
transmission 1illustrating a power transmission path 1n a HI
mode.

FIG. 6 1s a schematic side view of the continuously
variable transmission 1illustrating the power transmission
path i the HI mode.

FIG. 7 1s a skeleton diagram of the continuously variable
transmission illustrating a power transmission path in an
RVS mode.

FIG. 8 1s a schematic side view of the continuously
variable transmission 1illustrating the power transmission
path i the RVS mode.

FIG. 9 15 a skeleton diagram of a continuously variable
transmission according to a second embodiment.

MODE FOR CARRYING OUT THE INVENTION

The first embodiment of the present invention will now be
described 1n detail with reference to the accompanying
drawings.

First Embodiment

FIG. 1 1s a skeleton diagram of a continuously variable
transmission 1. FIG. 2 1s a schematic side view of the
continuously variable transmission 1 illustrating the shatt
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6

arrangement. FIG. 2 conceptually illustrates the shaft and
gear arrangement and schematically illustrates the continu-
ously variable transmission 1 as viewed 1n the axial direc-
tion.

As 1llustrated 1n FIG. 1, the continuously varniable trans-
mission 1, which can be mounted 1n a vehicle, includes a
torque converter 12 between a crankshaft 11 of a drive
source E and an mput shaft 13. The drnive source E in this
embodiment 1s an engine. Clutch partial engagement control
at the start of the vehicle 1s performed by the torque
converter 12. The continuously variable transmission 1
includes the input shait 13, a first output shaft 14, and a
second output shait 15. The 1mnput shaft 13 1s coupled to the
drive source E wvia the torque converter 12. The first output
shaft 14 and the second output shaft 15 are located parallel
to the mput shaft 13.

As 1llustrated 1n FIGS. 1 and 2, the 1nput shait 13 1s made
up ol a main mput shaft 13A, a first auxiliary input shait 13B
and a second auxiliary mput shaft 13C. The driving force
from the drive source E 1s mput into the main input shait
13A. The first auxiliary iput shait 13B 1s hollow and
coupled via a first friction clutch 61. The first auxiliary mput
shaft 13B and the main input shaft 13A share a common
center of rotation. The second auxiliary mput shatt 13C 1s
coupled via a second friction clutch 62. The second auxiliary
input shaft 13C and the main mput shaft 13A share the
common center of rotation. The second auxiliary input shaft
13C extends through the first auxiliary mput shaft 13B.

A continuously vaniable transmission device 20 1s pro-
vided between the first output shaft 14 and the second output
shaft 15. The continuously variable transmission device 20
includes a first pulley 21, a second pulley 22, and an endless
belt 23. The first pulley 21 1s mounted to the first output shaft
14. The second pulley 22 1s mounted to the second output
shaft 15. The endless belt 23 1s looped around the first pulley
21 and the second pulley 22. The groove widths of the first
pulley 21 and the second pulley 22 increase and decrease in
an 1mmverse manner relative to each other via hydraulic
pressure, to continuously vary the gear ratio between the first
output shaft 14 and the second output shaft 15. The first
pulley 21 includes a first stationary pulley 21A and a first
movable pulley 21B. The first stationary pulley 21A 1s
secured to an mner shaft 14A of the first output shait 14. The
first movable pulley 21B 1s capable of moving toward and
away from the first stationary pulley 21A. The second pulley
22 1includes a second stationary pulley 22A and a second
movable pulley 22B. The second stationary pulley 22A 1s
secured to the second output shaft 15. The second movable
pulley 22B 1s capable of moving toward and away from the
second stationary pulley 22A.

A first transmission path 51 1s provided between the input
shaft 13 and the first output shait 14. The first transmission
path 51 reduces the mput from the mput shaft 13 and
transmits the driving force to the continuously variable
transmission device 20. The first transmission path 51
includes a first transmission drive gear S1A and a first
transmission driven gear S1B. The first transmission drive
gear 5S1A 1s mounted to the mput shaft 13. The {first trans-
mission driven gear 51B 1s mounted to an outer circumier-
ential shait 14B of the first output shait 14. The gear ratio
between the first transmission drive gear 51A and the first
transmission driven gear 51B 1s greater than one. Thus, the
first transmission path 51 functions as a speed reducing gear
train that reduces the driving force from the mput shait 13
and transmits the driving force.

A second transmission path 52 i1s provided between the
input shait 13 and the second output shaft 15. The second
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transmission path 52 increases the mput from the input shaft
13 and transmits the dnving force to the continuously
variable transmission device 20. The second transmission
path 52 includes a second transmission drive gear 52A and
a second transmission driven gear 52B. The second trans-
mission drive gear 52A 1s mounted to the input shait 13. The
second transmission driven gear 52B 1s mounted to the
second output shaft 15. The gear ratio between the second
transmission drive gear 52A and the second transmission
driven gear 52B i1s smaller than one. Thus, the second
transmission path 52 functions as a speed increasing gear
train that increases the driving force from the mput shaft 13
and transmits the driving force to the continuously variable
transmission device 20.

A third transmission path 53 1s provided between the input
shaft 13 and the first output shait 14. The third transmission
path 53 reverses the rotational direction of the driving force
from the mput shait 13 and transmuits the driving force to the
first output shait 14. The third transmission path 33 includes
a third transmission drive gear 53A, a third transmission
driven gear 53C, and a third transmission idler gear 53B.
The third transmission drive gear 53A 1s mounted to the
input shaft 13. The third transmission driven gear 33C 1s
mounted to the first output shait 14. The third transmission
idler gear 53B 1s mounted between the third transmission
drive gear 53 A and the third transmission driven gear 53C.
The third transmission idler gear 53B 1s supported on an
idler shait 17. Because of the presence of the third trans-
mission 1dler gear 33B, the third transmission path 53
functions as a gear train that reverses the rotational direction
of the driving force and transmits the driving force.

An mtermediate transmission path 54 1s provided between
the first output shait 14 and the second output shait 15. The
intermediate transmission path 34 transmits the driving force
from the second output shait 15 to the first output shait 14.
The intermediate transmission path 54 includes an interme-
diate transmission drive gear 54 A, an intermediate trans-
mission driven gear 54C, and an intermediate transmission
idler gear 54B. The intermediate transmission drive gear
54 A 1s mounted to the second output shait 15. The inter-
mediate transmission driven gear 54C 1s mounted to the first
output shaft 14. The intermediate transmission idler gear
54B 1s provided between the intermediate transmission drive
gear S4 A and the intermediate transmission driven gear 54C.
The intermediate transmission 1dler gear 54B 1s supported
on an 1dler shaft 18. In FIG. 1, the intermediate transmission
idler gear 54B and the intermediate transmission driven gear
54C are not contiguous to each other, but 1n reality, as
illustrated 1n FIG. 2, the intermediate transmission 1dler gear
54B and the intermediate transmission driven gear 54C are
contiguous to each other and mesh with (engage with) each
other. In this embodiment, the intermediate transmission
member for transmitting the driving force from the inter-
mediate transmission drive gear S4A to the intermediate
transmission driven gear 54C 1s the intermediate idler gear
54B. However, the use of a gear may not necessarily be
required. For example, a chain may be looped over the
second output shait 15 and the first output shait 14 to
transmit the driving force.

A forward-reverse switching mechanism 70 1s mounted
coaxially with the input shaft 13. The forward-reverse
switching mechanism 70 1s configured to selectively switch
between transmitting the driving force from the input shaift
13 to the second transmission path 52 and to the third
transmission path 53. The second transmission drive gear
52 A and the third transmission drive gear 33 A are supported
on the second auxiliary input shaft 13C of the input shaft 13
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so as to be rotatable relative to each other. When a sleeve 71
of the forward-reverse switching mechanism 70 1s moved
from a neutral position to the left in the drawing, the second
transmission drive gear S2A 1s coupled to the second aux-
iliary 1mput shaft 13C of the input shait 13 to transmit the
driving force from the mput shaft 13 to the second trans-
mission path 52. On the other hand, when the sleeve 71 of
the forward-reverse switching mechanism 70 1s moved from
the neutral position to the right 1n the drawing, the third
transmission drive gear 33 A 1s coupled to the second aux-
iliary 1put shaft 13C of the input shait 13 to transmit the
driving force from the mnput shaft 13 to the third transmis-
sion path 53.

A final output mechanism 30 1s provided downstream of
the first output shait 14. The final output mechanism 30
outputs the driving force transmitted to the output shaft 14.
The final output mechanism 30 includes a final drive gear
31, a differential gear 33, and a drive shaft 35. The drive gear
31 1s mounted to the first output shait 14. The diflerential
gear 33 includes, on the outer circumierence, a final driven
gear 32, which meshes with the final drive gear 31. The drive
shaft 35 is provided to transmit the driving force divided by
the diflerential gear 33 to the left and right drive wheels,
which are not 1illustrated. In thus embodiment, the driving
force from the second output shaft 15 to the differential gear
33 of the final output mechanism 30 1s transmitted to the
final output mechanism 30 after being transmitted to the first
output shait 14 via the intermediate transmission path 54.
However, this 1s not a limitation. For example, alternatively,
a final drive gear may be mounted to the second output shaft
15 and the driving force of the second output shaft 15 may
be transmitted to the final output mechamism 30 without
being transmitted to the imtermediate transmission path 54.

Next, with reference to FIG. 1, an arrangement and
configuration of the power transmission switching mecha-
nisms ol the continuously variable transmission 1 will be
described. The power transmission switching mechanisms
are configured to switch between establishing and interrupt-
ing power transmission in the power transmission paths. In
the continuously variable transmission 1 of thus embodi-
ment, four friction clutches are used as the power transmis-
sion switching mechanisms. Specifically, the first friction
clutch 61 1s mounted coaxially with the input shait 13 and
configured to switch between establishing and interrupting
power transmission irom the mput shaft 13 to the first
transmission path 351. The second iriction clutch 62 1s
mounted coaxially with the input shait 13 and configured to
switch between establishing and interrupting power trans-
mission from the mput shatt 13 to the second transmission
path 52. The third friction clutch 63 1s mounted coaxially
with the second output shait 15 and configured to switch
between establishing and interrupting power transmission
from the second pulley 22 to the final output mechanism 30.
The fourth friction clutch 64 1s mounted coaxially with the
first output shaft 14 and configured to switch between
establishing and interrupting power transmission from the
first pulley 21 to the final output mechanism 30.

Specifically, the first friction clutch 61 1s located between
the first input shatt 13 and the first auxiliary input shaft 13B.
The second friction clutch 62 1s located between the first
input shaft 13 and the second auxiliary iput shatt. The third
friction clutch 63 1s located between the second stationary
pulley 22A and the intermediate transmission drive gear
54 A, which are mounted to the second output shait 15. The
fourth friction clutch 64 1s located between the first output
shaft 14 and third transmission driven gear 33C and the first
stationary pulley 21A.
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The first friction clutch 61 and the second friction clutch
62 are coaxial with the input shaft 13 and closer to the drive
source E than 1s the continuously variable transmission
device 20. The third friction clutch 63 1s closer to the drive
source E than 1s the second pulley 22 and the fourth friction
clutch 64 1s farther from the drive source E than 1s the first
pulley 21.

Next, the power transmission paths of the continuously
variable transmission 1 in various transmission modes will
be described. The continuously variable transmission 1 1s
configured as described above. Firstly, described below 1s a
case 1n which a LOW mode (low speed mode) 1s set on the
continuously variable transmission 1. FIGS. 3 and 4 1llus-
trate a power transmission path i the LOW mode. In the
LOW mode, the friction clutch 61 1s engaged, whereas the
second Iriction clutch 62 1s disengaged. Thus, the driving
force transmitted from the drive source E to the main 1nput
shaft 13 A 1s transmitted only to the first auxiliary mnput shaift
13B via the first friction clutch 61 and not transmitted to the
second auxiliary mput shait 13C, which 1s downstream of
the second friction clutch 62. In the LOW mode, the third
friction clutch 63 and the fourth friction clutch 64 are
engaged.

Consequently, as illustrated 1n FIGS. 3 and 4, the driving
force of the drive source E 1s transmitted to the drive wheels
via the path: crankshaft 11—torque converter 12—main
input shait 13A—first auxiliary input shaft 13B—{irst trans-
mission drive gear 51A—first transmission driven gear
51B—first output shaft 14—first pulley 21—=endless belt
23—second pulley 22—=second output shait 15—1ntermedi-
ate transmission drive gear 54 A—1ntermediate transmission
idler gear 54B—intermediate transmission driven gear
54(C—1irst output shatt 14—1inal drive gear 31—1{inal driven
gear 32—differential gear 33—drive shait 35.

Next, described below 1s a case in which a HI mode (high
speed mode) 1s set on the continuously variable transmission
1. FIGS. 5 and 6 1llustrate a power transmission path in the
HI mode. In the HI mode, the friction clutch 61 1s disen-
gaged, whereas the second friction clutch 62 1s engaged.
Thus, the driving force transmitted from the drive source E
to the main 1nput shaft 13A 1s transmitted only to the second
auxiliary input shaft 13C via the second iriction clutch 62
and not transmitted to the first auxiliary nput shaft 13B,
which 1s downstream of the first friction clutch 61. In the HI
mode, the third friction clutch 63 1s disengaged, whereas the
fourth friction clutch 64 1s engaged. The sleeve 71 of the
forward-reverse switching mechanism 70 1s moved to the HI
side (left in the drawing) to engage the second auxiliary
input shaft 13C with the second transmission drive gear
52A.

Consequently, as illustrated 1n FIGS. 5 and 6, the driving
force of the drive source E 1s transmitted to the drive wheels
via the path: crankshait 11—torque converter 12—main
input shait 13A—=second auxiliary input shaft 13C—second
transmission drive gear 52A—second transmission driven
gear S2B—second output shatt 15—second pulley 22—end-
less belt 23—first pulley 21—first output shait 14—final
drive gear 31—final dnven gear 32—diflerential gear
33—=drive shait 35.

Next, described below 1s a case 1n which an RVS mode
(reverse mode) 15 set on the continuously variable transmis-
sion 1. FIGS. 7 and 8 illustrate a power transmission path 1n
the RVS mode. In the RVS mode, the friction clutch 61 1is
disengaged, whereas the second {iriction clutch 62 1is
engaged. Thus, the driving force transmitted from the drive
source E to the main input shaft 13 A 1s transmitted only to
the second auxiliary input shaft 13C via the second friction
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clutch 62 and not transmitted to the first auxiliary input shaft
13B, which 1s downstream of the first friction clutch 61. In
the RVS mode, the fourth friction clutch 64 is disengaged.
The sleeve 71 of the forward-reverse switching mechanism
70 1s moved to the RVS side (right in the drawing) to engage
the second auxiliary mput shait 13C with the third trans-
mission drive gear 53A.

Consequently, as illustrated 1n FIGS. 7 and 8, the driving,
force of the drive source E 1s transmitted to the drive wheels
via the path: crankshait 11—torque converter 12—main
input shaft 13A—=second auxiliary mput shaft 13C—third
transmission drive gear S3A—third transmission idler gear
53B—third transmission driven gear 53C—{irst output shatt
14—final drive gear 31—final driven gear 32—diflerential

gear 33—dnive shaft 35. As described above, 1n the RVS

mode of this embodiment, the continuously variable trans-
mission device 20 1s not used.
With the configuration described above, the continuously

variable transmission 1 of this embodiment employs the
3-shaft configuration of the mput shatt 13, the first output
shaft 14, and the second output shait 15 and uses four
clutches. The first friction clutch 61 and the second friction
clutch 62 are mounted coaxially with the input shait 13. The
third friction clutch 63 1s mounted coaxially with the second
output shaft 15. The fourth friction clutch 64 i1s mounted
coaxially with the first output shaft 14. Thus, all the power
transmission switching mechanisms (engagement elements)
are Iriction clutches, which have the function of absorbing
rotational speed diflerences. As a result, even when there 1s
a rotational speed difference between upstream and down-
stream of the power transmission switching mechanism,
switching between establishing and interrupting power
transmission can be accomplished. Furthermore, the four
friction clutches are distributed to the shafts, and this results
in eflicient use of the internal space of the 3-shaft configu-
ration continuously variable transmission 1. Thus, although
friction clutches are employed, the number of shafts is
unchanged from the number 1n conventional configurations,
and also, the increase in the overall length 1n the axial
direction 1s prevented.

The first transmission driven gear 51B and the fourth
friction clutch 64 are mounted to the first output shait 14
with the first transmission driven gear 51B being on one side
and the fourth friction clutch 64 being on an other side, with
the first pulley 21 being located 1n between. The one side 1s
closer to the drive source E and the other side 1s farther from
the drive source E. The third friction clutch 63 and the
second transmission driven gear 52B are mounted to the
second output shaft 15 with the third friction clutch 63 being
on the one side and the second transmission driven gear 52B
being on the other side, with the second pulley 22 being
located 1n between. Thus, the third friction clutch 63 and the
fourth friction clutch 64 are respectively located on the one
side and the other side in the axial direction with the
continuously variable transmission device 20 located 1n
between, and the first transmission driven gear 5S1B and the
second transmission driven gear 52B are respectively
located on the one side and the other side i the axial
direction with the continuously varniable transmission device
20 located 1n between. In this manner, the components of the
same type are distributed to the one side and the other side
in a staggered manner with the continuously variable trans-
mission device 20 located in between. With this configura-
tion, the space in the axial direction 1s utilized even more
cellectively, and as a result, although friction clutches are
employed, the number of shafts i1s unchanged from the
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number 1n conventional configurations, and also, the
increase in the overall length 1 the axial direction 1is
prevented.

Furthermore, the forward-reverse switching mechanism
70 1s configured to switch between the second transmission
path 52 and the third transmission path 33. The second
transmission path 52 is configured to increase the rotation of
the mnput shaft 13 and the third transmission path 53 1s
configured to reverse the rotation of the mput shatt 13. Thus,
with the configuration of this embodiment, the inertia to be
absorbed by the forward-reverse switching mechanism 70 at
the time of forward-reverse switching 1s reduced, compared
with conventional cases, in which forward-reverse switching,
mechanisms are configured to switch between a path for
reducing the rotation of the input shaft and a path for
reversing the rotation of the iput shaft. As a result, the
operation ol forward-reverse switching 1s facilitated even
when there 1s a rotational speed difference. Accordingly,

responsiveness 1n control that involves forward-reverse
switching 1s improved.

Furthermore, the downstream side of the input shaitt 13 1s
constituted by the dual structure of the first auxiliary mnput
shaft 13B and the second auxiliary mput shait 13C, and this
results 1n the eflicient arrangement of the first friction clutch
61 and the second {riction clutch 62. Furthermore, the first
friction clutch 61 and the second friction clutch 62 are
mounted coaxially with the mput shaft 13 and located closer
to the drnive source E than i1s the continuously variable
transmission device 20. In this manner, the plurality of
friction clutches (first friction clutch 61 and second friction
clutch 62), which are coaxially mounted, are more efliciently
arranged, and as a result, sutlicient space 1s provided around
the continuously variable transmission device 20.

Furthermore, because of the presence of the intermediate
transmission path 54, which transmits the driving force from
the second output shaft 15 to the first output shaft 14, the
outputs are eventually concentrated to the first output shatt
14 regardless of the mode selected from among the LOW
mode, the HI mode, and the RVS mode. Accordingly, it 1s
suilicient to provide the final drive gear 31 for the first output
shaft 14 alone to accomplish the final output.

Second Embodiment

Next, the second embodiment of the present invention
will be described. FIG. 9 1s a skeleton diagram of a con-
tinuously variable transmission 2 according to the second
embodiment. FElements similar to those of the above-de-
scribed first embodiment are designated by the same refer-
ence characters, and detailed descriptions of the elements are
not provided. In the first embodiment, the torque converter
12 1s provided between the crankshait 11 of the drive source
E and the main mput shait 13A. In contrast, in the case of
the continuously variable transmission 2 of this embodi-
ment, a flywheel 80 1s provided between the crankshait 11
of the drive source E and the mnput shaft 13, as illustrated 1n
FIG. 9. The flywheel 80 1s provided with a damper 81. In the
case of the continuously variable transmission 2, which does
not include a torque converter at the mput shatt 13 A, clutch
partial engagement control at the start of the vehicle 1s
performed by the first friction clutch 61 or the third friction
clutch 63.

Thus, when the flywheel 80 with the damper 81 1s
provided between the drive source E and the input shait 13,
turther size reduction and weight reduction of the continu-
ously variable transmission 2 are achueved than in the case
in which the torque converter 12 1s provided between the
drive source E and the mput shaft 13.
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Clutch partial engagement control at the start of the
vehicle 1s basically performed by the third friction clutch 63.
When the clutch partial engagement control 1s performed by
the third friction clutch 63 as described, there 1s an advan-
tage 1n that, since transmission of the driving force between
the input shatt 13 and the continuously variable transmission
device 20 continues even 1if the third friction clutch 63 1is
disengaged, gear shifting can be performed by the continu-
ously variable transmission device 20. On the other hand,
when the clutch partial engagement control 1s performed by
the first friction clutch 61, the clutch control can be per-
formed before the rotation of the driving force from the drive
source E 1s reduced. This configuration 1s advantageous in
that the clutch control 1s performed 1n a lower torque region
and therefore the control 1s facilitated.

While embodiments of the present invention have been
described above, the present invention i1s not limited to the
above embodiments, and various modifications may be
made within the scope of the technical ideas described 1n the
claims, specification, and drawings.

The mvention claimed 1s:

1. A continuously variable transmission comprising:

an mput shait configured to receive a driving force input
from a drive source;

first and second output shafts parallel to the mput shatt;

a continuously variable transmission device comprising:
a first pulley mounted to the first output shait;

a second pulley mounted to the second output shatit;
and

an endless belt looped around the first pulley and the
second pulley;

a {irst transmission path configured to reduce an input
from the mput shaft and transmit the driving force to
the continuously variable transmission device;

a second transmission path configured to increase an input
from the mput shaft and transmait the driving force to
the continuously variable transmission device;

a final output mechanism configured to output the driving
force from the first output shaft or the second output
shaft;

a first Iriction clutch coaxial with the mput shaft and
configured to switch between establishing and inter-
rupting power transmission from the input shait to the
first transmission path;

a second Iriction clutch coaxial with the mnput shaft and
configured to switch between establishing and inter-
rupting power transmission ifrom the mnput shait to the
second transmission path;

a third friction clutch coaxial with the second output shait
and configured to switch between establishing and
interrupting power transmission from the second pulley
to the final output mechanism; and

a fourth friction clutch coaxial with the first output shaft
and configured to switch between establishing and
interrupting power transmission from the first pulley to
the final output mechanism.

2. The continuously variable transmission according to

claim 1,

wherein the first transmission path comprises

a first transmission drive gear mounted to the nput
shaft via the first friction clutch, and

a first transmission driven gear mounted to the first
output shaft,

wherein the second transmission path comprises
a second transmission drive gear mounted to the mput

shaft via the second friction clutch, and
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a second transmission driven gear mounted to the
second output shatt,
wherein the continuously variable transmission comprises
one side and an other side,
wherein the first transmission driven gear and the fourth
friction clutch are mounted to the first output shait with
the first transmission driven gear being on the one side
and the fourth friction clutch being on the other side,
with the first pulley being located in between, and
wherein the third friction clutch and the second transmis-
sion driven gear are mounted to the second output shait
with the third friction clutch being on the one side and
the second transmission driven gear being on the other
side, with the second pulley being located in between.
3. The continuously variable transmission according to
claim 1, further comprising:
a third transmission path configured to reverse a rotational
direction of the driving force from the mnput shaft and

transmit the driving force to the first output shaft; and
a forward-reverse switching mechanism mounted to the
input shaft and configured to selectively switch
between transmitting the driving force from the input
shaft to the second transmission path and to the third
transmission path.
4. The continuously variable transmission according to
claim 1, wherein the input shait comprises
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a main 1nput shait configured to receive the driving force
input from the drive source,

a first auxiliary input shaft coupled to the first transmis-
sion drive gear via the first friction clutch, the first
auxiliary input shaft being hollow, the first auxiliary
input shait and the main input shatt sharing a common
center of rotation, and

a second auxiliary input shait coupled to the second
transmission drive gear via the second iriction clutch,
the second auxiliary mnput shaift and the main 1nput
shaft sharing the common center of rotation, the second
auxiliary mput shait extending through the first auxil-
lary input shaft.

5. The continuously variable transmission according to
claim 1, wherein the first friction clutch and the second
tfriction clutch are coaxial with the input shaft and closer to
the drive source than 1s the continuously variable transmis-
s1on device.

6. The continuously variable transmission according to
claam 1, further comprising an intermediate transmission
path configured to transmit the driving force from the second
output shatt to the first output shaft.

7. The continuously variable transmission according to
claim 1, further comprising a flywheel between the drive
source and the mput shait, the fly wheel comprising a
damper.
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